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(54) LINE SWITCHER FOR POWER (57) ABSTRACT 
CONVERTERS A regulated power Supply apparatus and method are pro 

Y 8 vided. The apparatus includes a converter circuit for generat 
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with each other in parallel. An input rectifiercircuit is coupled 
with the first and the second switching circuit. The input 

(21) Appl. No.: 12/687,761 rectifier circuit is configured for receiving an AC input Volt 
age and for generating a rectified Voltage. The input rectifier 

(22) Filed: Jan. 14, 2010 circuit includes controlled Switches and a first and second 
configuration of a bridge rectifier that couples the first and 
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AC input power signal is “high-line' or “low-line.” A con 
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LINE SWITCHER FOR POWER 
CONVERTERS 

FIELD OF THE INVENTION 

0001. The present invention relates to the field of power 
Supplies. More particularly, the present invention relates to a 
line Switcher circuit for a power Supply apparatus. 

BACKGROUND 

0002. In many applications a Voltage regulator is required 
to provide a Voltage within a predetermined range. Some 
circuits are Subject to uncertain and undesirable functioning 
and even irreparable damage if an input power Supply falls 
outside a certain range. 
0003 AC to DC converters are typically designed to oper 
ate over a wide voltage range such as 90VAC to 264VAC so 
that the converters can operate with AC line voltages from 
anywhere in the world. In practice, the AC line voltages 
encountered throughout the world lie within the ranges 
90VAC-132VAC for “low-line' operation and 180VAC to 
264VAC for “high-line' operation. The cost of the main 
switching semiconductors of conventional AC to DC convert 
ers and the losses in the converters increase dramatically with 
the range of input Voltages Supported by the converter. This is 
especially true when the converters use MOSFETs for the 
main Switching semiconductors. A converter designed to 
operate over only one of the “low-line' or the “high-line' 
range, a ratio of 1.46:1, would be less costly and more effi 
cient than a converter designed to operate over the entire 
range of “low-line” and “high-line', 90VAC to 264VAC, a 
ratio of 2.93:1. 
0004 Conventional low-power converters, typically less 
than 65 watts, usually do not have government requirements 
for a high powerfactor and typically operate with a low power 
factor. These low-power converters usually employ Voltage 
doublers that are enabled at “low-line' and disable at “high 
line.” The converter circuit following the voltage doubler is 
designed with circuits rated for “high-line' operation, even if 
the AC line is at “low-line'. This is inefficient and costly. 
0005 FIG.5 illustrates the conventional line switcher 500. 
In the conventional line switcher 500, at approximately 
230VAC of an AC line 502, the switch S1 is open so that a 
standard diode bridge 505 charges a first and second large 
electrolytic capacitors C1, C2 that are in series to the peak of 
the 230VAC of the AC line 502. The Switch S1 can be a triac, 
a mechanical Switch, or can be a configuration of contacts that 
occurs when a user inserts a line plug connector block into a 
device. At 115VAC of the AC line 502, the switch S1 is closed 
causing each of the first and second large electrolytic capaci 
tors C1, C2 to charge to the peak of the 115VAC of the AC line 
502. Since the capacitors C1 and C2 are in series, the total 
voltage Vin is a value that is twice the peak voltage of the AC 
line 502. Effectively, the switch S1 causes an input section of 
the line switcher 500 to operate as a voltage doubler at low 
line. 

0006. The switch S1 is controlled to couple a terminal of 
the AC line 502 to a tie point 514 of the first and second large 
electrolytic capacitors C1, C2. At high-line, both the first and 
second large electrolytic capacitors C1, C2 are connected 
across the diode bridge 505 during both positive and negative 
half cycles. At low-line, only one of the first and second large 
electrolytic capacitors C1, C2 is connected across the diode 
bridge 505 at a time. Specifically, the capacitor C1 is con 
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nected during the positive half-cycle and the capacitor C2 is 
connected during the negative half cycle. The first and second 
large electrolytic capacitors C1, C2 have a capacitance so 
large that the first and second large electrolytic capacitors C1, 
C2 are able to maintain their charge from one 50/60 Hz cycle 
to the next cycle. 
0007. In the conventional line switcher 500, a single con 
Verter (not shown) can be connected across the series combi 
nation of the first and second large electrolytic capacitors C1, 
C2 (Cin). An advantage is that the single converter (not 
shown) is always driven at a Voltage equal to the peak of the 
voltage at high-line, regardless of whether the input AC volt 
age of the AC line 502 is at high-line or low-line. The con 
Verter cost is therefore decreased. A disadvantage of the con 
ventional line switcher 500 is that it draws a power with a poor 
power factor and is therefore only useful, in practice, for 
small converters such as those below 75W. Another disadvan 
tage of the conventional line switcher 500 is a reduced effi 
ciency caused by the high pulsed currents used to charge the 
first and second large electrolytic capacitors C1, C2. 
0008 Accordingly, it is desirable to create a regulated 
power supply operable over both “low-line' and “high-line' 
ranges with a reduced cost and a greatly increased power 
factor and efficiency. 

SUMMARY OF THE INVENTION 

0009. The present invention uses thyristors and intelligent 
sensing and Switching schemes to provide fast Switching from 
low-line (85VAC-132VAC) to high-line (180VAC-264VAC). 
Rather than turning a single semiconductor Switch on or off to 
enable a Voltage doubler, the present invention turns several 
semiconductor switches on or off to place two half-sized 
converter input stages in series or parallel, depending on 
whether the line is low or high. The transformer isolation 
stage allows the converters to be placed in series or parallel on 
the primary-side of the transformer while the secondary-sides 
of the two converters can be appropriately connected, without 
regard for whether the primary-sides are in parallel or series. 
Converters with multiple outputs can be combined in much 
the same way as converters with a single output. The exact 
method of combining the secondary sides of the converters 
will depend on the type of converter and the design con 
straints. 
0010. In accordance with a first aspect of the present 
invention, a power Supply apparatus is provided. The appa 
ratus includes a converter circuit including a first Switching 
circuit and a second Switching circuit both coupled with an 
output circuit. An input rectifier circuit is configured for 
receiving an AC input Voltage and for generating a rectified 
voltage. The input rectifier circuit is coupled with a first and a 
second input of the first and the second Switching circuit, 
respectively. The input rectifier circuit includes one or more 
controlled switches. The input rectifier circuit includes a first 
configuration of a bridge rectifier and a second configuration 
of the bridge rectifier. A controller circuit is coupled with a 
configuration Switch and coupled with the input rectifier cir 
cuit for providing a control signal for enabling either the first 
configuration or the second configuration according to a 
parameter of the AC input Voltage. The control signal enables 
the configuration Switch. The first configuration couples the 
first and second input of the first and the second Switching 
circuit, respectively, in series. The second configuration 
couples the first and second input of the first and the second 
Switching circuit, respectively, in parallel. The configuration 
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switch is controlled by the controller circuit for coupling the 
first and second Switching circuit together. 
0011. The first switching circuit includes a first switching 
device coupled with a first primary. The second Switching 
circuit includes a second Switching device coupled with a 
second primary. The first and second primary are included in 
a first and second transformer of the first and the second 
Switching circuit, respectively. The first configuration 
includes a first set of Switches that includes a first pair and a 
second pair of semiconductor Switches and the second con 
figuration includes a second set of Switches that includes the 
first set of switches and the one or more controlled switches. 
The one or more controlled switches include a first pair of 
gate-driven semiconductor Switches and a second pair of 
gate-driven semiconductor Switches. The first configuration 
includes the bridge rectifier coupled through an enabled con 
figuration Switch. The second configuration includes the con 
figuration Switch being disabled and the first and second pair 
of gate-driven semiconductor Switches being enabled. The 
second configuration couples the first and second input of the 
first and the second Switching circuit in parallel by coupling 
each of the first and the second input across the same rectified 
Voltage generated by the input rectifier circuit. 
0012. A gate drive circuit is coupled with the first and the 
second pair of gate-driven semiconductor Switches. The gate 
drive circuit is enabled by the control signal generated by the 
controller circuit. The enabled gate drive circuit provides a 
gate current to the first and the second pair of gate-driven 
semiconductor switches. The parameter of the AC input volt 
age is a voltage in either a high-line range (180VAC-264VAC) 
or a voltage in a low-line range (85VAC-132VAC). The con 
figuration Switch includes a semiconductor Switch. Alterna 
tively, the configuration Switch includes a gate-driven semi 
conductor switch. In yet another embodiment, the 
configuration Switch includes a mechanical Switch including 
mechanical contacts. A reset Switch includes a gate-driven 
semiconductor switch. The reset switch is enabled by the 
controller circuit when the controller circuit determines a 
change in the AC input Voltage from a low-line level to a 
high-line level. 
0013 The first and the second transformer include a first 
and a second secondary, which are coupled with each other in 
series. Alternatively, the first and second secondary, are 
coupled with each other in parallel. In yet another embodi 
ment, the first and second secondary, are coupled via an ORed 
diode. 

0014. In accordance with a second aspect of the present 
invention, a method of regulating a power Supply apparatus is 
provided. The method includes receiving an AC input Voltage 
at an input rectifier circuit. The input rectifier circuit includes 
one or more controlled switches. The input rectifier circuit 
includes a first configuration of a bridge rectifier and a second 
configuration of the bridge rectifier. A parameter of the AC 
input voltage is sensed with a controller circuit. The controller 
circuit is coupled with a configuration Switch and coupled 
with the input rectifier circuit for providing a control signal 
for enabling either the first configuration or the second con 
figuration according to the parameter of the AC input Voltage. 
The first configuration couples a first and second input of a 
first and a second Switching circuit, respectively, in series. 
The second configuration couples the first and second input of 
the first and the second Switching circuit, respectively, in 
parallel. The configuration switch is controlled by the con 
troller circuit for coupling the first and second Switching 
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circuit together. A rectified Voltage is generated according to 
the parameter of the AC input voltage either with the first 
configuration or the second configuration. An output Voltage 
signal is generated with a converter circuit that is couples with 
the input rectifier circuit. The converter circuit includes the 
first Switching circuit and the second Switching circuit both 
coupled with an output circuit. 
0015 The first switching circuit includes a first switching 
device coupled with a first primary. The second Switching 
circuit includes a second Switching device coupled with a 
second primary. The first and second primary are included in 
a first and second transformer of the first and the second 
Switching circuit, respectively. The first configuration 
includes a first set of Switches that includes a first pair and a 
second pair of semiconductor Switches and the second con 
figuration includes a second set of Switches that includes the 
first set of switches and the one or more controlled switches. 
The one or more controlled switches includes a first pair of 
gate-driven semiconductor Switches and a second pair of 
gate-driven semiconductor Switches. The first configuration 
includes the bridge rectifier coupled through an enabled con 
figuration Switch. The second configuration includes the con 
figuration Switch being disabled and the first and second pair 
of gate-driven semiconductor Switches being enabled. The 
second configuration couples the first and second input of the 
first and the second Switching circuit in parallel Such that each 
of the first and the second input is coupled across the same 
rectified voltage generated by the input rectifier circuit. 
(0016. The method includes enabling agate drive circuit by 
generating the control signal. The gate drive circuit is coupled 
with the first and the second pair of gate-driven semiconduc 
tor Switches. The enabled gate drive circuit provides a gate 
current to the first and the second pair of gate-driven semi 
conductor switches. The parameter of the AC input voltage 
includes a voltage in either a high-line range (180VAC 
264VAC) or a voltage in a low-line range (85VAC-132VAC). 
The configuration Switch is enabled with the control signal. 
The configuration Switch includes a semiconductor Switch. 
Alternatively, the configuration Switch includes a gate-driven 
semiconductor Switch. 

0017. A reset switch is enabled with the controller circuit 
when the controller circuit determines a change in the AC 
input voltage from a low-line level to a high-line level. The 
reset Switch includes a gate-driven semiconductor Switch. 
The first and the second transformer are provided so that a 
first and a second secondary are coupled with each other in 
series. Alternatively, the first and second secondary are 
coupled with each other in parallel. In yet another embodi 
ment, the first and second secondary are coupled with each 
via an ORed diode. 

0018. Other features of the present invention will become 
apparent from consideration of the following description 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The novel features of the invention are set forth in 
the appended claims. However, for purposes of explanation, 
several embodiments of the invention are set forth in the 
following figures. 
0020 FIG. 1 illustrates a functional block diagram of a 
power Supply apparatus inaccordance with an embodiment of 
the invention. 
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0021 FIG. 2A illustrates a schematic diagram of a power 
Supply apparatus in accordance with an embodiment of the 
invention. 
0022 FIG. 2B illustrates a schematic diagram of a power 
Supply apparatus in a series configuration in accordance with 
an embodiment of the invention. 
0023 FIG. 2C illustrates a schematic diagram of a power 
Supply apparatus in a parallel configuration in accordance 
with an embodiment of the invention. 
0024 FIG. 3 illustrates a process flow diagram for a 
methodofregulating a power Supply apparatus in accordance 
with the present invention. 
0025 FIGS. 4A-4B illustrate a schematic diagram of cur 
rent paths through a first configuration of a bridge rectifier of 
a power Supply apparatus in accordance with an embodiment 
of the invention. 
0026 FIGS. 4C-4D illustrate a schematic diagram of cur 
rent paths through a second configuration of a bridge rectifier 
of a power Supply apparatus in accordance with an embodi 
ment of the invention. 
0027 FIG. 5 illustrates a schematic diagram of a conven 
tional line switcher circuit. 

DETAILED DESCRIPTION 

0028. In the following description numerous details and 
alternatives are set forth for the purpose of explanation. How 
ever, one of ordinary skill in the art will realize that the 
invention can be practiced without the use of these specific 
details. In other instances, well-known structures and devices 
are shown in block diagram form in order not to obscure the 
description of the invention with unnecessary detail. 
0029. The present invention uses thyristors and intelligent 
sensing and Switching schemes to provide fast Switching from 
low-line (85VAC-132VAC) to high-line (180VAC-264VAC). 
The present invention takes advantage of the similar Voltage 
drop between a diode and an SCR to provide a low-cost 
switcher which has an efficiency close to that of a traditional 
input rectifier. Although the cost of the thyristors is higher 
than that of a diode, the additional costs are offset by the costs 
of designing a wide-input-voltage-range converter above a 
nominal power level. For example, a MOSFET die size and 
ultimately cost, tends to increase a factor offive each time the 
Voltage rating is doubled for a given operating resistance. 
Also, the cost of copper loss on magnetic structures such as 
inductors and transformers, increases by a factor of four when 
operating over a wide input voltage range instead of a narrow 
range. 
0030 The present invention includes a controlled bridge 
rectifier arrangement that allows Switching between low-line 
and high-line operationina way that feeds a rectified low-line 
line-voltage to each of two converters (or loads, if there are 
two separate loads) all of the time, regardless of whether the 
line Voltage is operating at high-line or low-line. 
0031 Turning to FIG. 1, a functional block diagram is 
shown for a regulated power Supply apparatus 100 according 
to an embodiment of the invention. The apparatus 100 is 
configured as a dual isolated power Supply, which includes a 
novel line switching circuit. The apparatus 100 includes an 
input rectifier or controlled rectifier circuit 112 coupled with 
a converter circuit 114 that is coupled with an output circuit 
117. A controller 121 is also coupled with the controlled 
rectifier circuit 112. 
0032. The controlled rectifier circuit 112 generally 
includes a filter circuit 118 that is coupled with a controlled 
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input rectifiercircuit 122. An AC input 116 is coupled with the 
filter circuit 118. The input rectifier circuit 122 includes a first 
configuration of a bridge rectifier 122A and a second configu 
ration of a bridge rectifier 122A122B. The first configuration 
a diode bridge 122A to the converter circuit 114. The second 
configuration includes coupling a controlled bridge 122B and 
the diode bridge 122A with the converter circuit 114. The AC 
input 116 is configured to receive an AC input signal from an 
AC line or AC Source. The AC input signal can have a Voltage 
potential at a “low-line' range (85VAC-132VAC) as well as at 
a “high-line' (180VAC-264VAC) range. The AC input signal 
is coupled with the filter circuit 118 which includes an EMI 
filter 118 which is used to remove undesirable harmonic noise 
contained in the AC input signal. The filter circuit 118 can also 
prevent any harmonic noise generated by the power Supply 
apparatus 100 from entering the AC source that provides the 
AC input signal. While the filter circuit 118 is used in most 
practical applications, it is not required for the present inven 
tion to function. 

0033. The controller 121 senses whether the AC input 
signal is in the range of 85VAC-132VAC (“low-line') or the 
range of 180VAC-264VAC (“high-line'). If the AC input 
signal is in the "high-line' range, the configuration Switch 
120 is enabled by a control signal of the controller 121 and the 
controlled bridge 122B is disabled from coupling the AC 
input signal to the converter circuit 114. If the AC input signal 
is in the “low-line' range, the configuration switch 120 is 
disabled by the control signal of the controller 121 and the 
controlled bridge 122B is enabled to couple the AC input 
signal to the converter circuit 114. In any event, the first or the 
second configuration of the bridge rectifier 122 generates an 
unregulated rectified Voltage signal that is coupled with the 
converter circuit 114. The gate drive circuit 140 is enabled by 
the controller 121 for generating a gate current for operating 
the configuration switch 120 and operating the controlled 
diode bridge 122B. 
0034. The converter circuit 114 comprises two isolated 
converters. The converter circuit 114 generally includes a first 
Switching circuit 124 coupled with a second Switching circuit 
126. In either the first configuration or the second configura 
tion of 122, the converter circuit 114 is coupled with the 
output circuit 117. In the first configuration of 122, the first 
and the second Switching circuits 124, 126 are coupled Such 
that an input of the first and the second Switching circuits 124. 
126 are coupled in series with the first configuration of the 
bridge rectifier 122. In the second configuration of 122, the 
first and the second switching circuits 124, 126 are coupled 
such that the input of the first and the second switching 
circuits 124, 126 are each coupled in parallel through the 
bridge rectifier 122 to the AC input 116. 
0035 FIG. 2A illustrates an exemplary schematic diagram 
of the regulated power apparatus 100 of FIG.1. A regulated 
power apparatus 200 is provided according to an embodiment 
of the present invention. The apparatus 200 is configured as a 
dual isolated buck-type power Supply, which includes a novel 
line Switching circuit. The apparatus 200 includes an input 
rectifier or controlled rectifier circuit 112, also known as an 
AC to DC converter, coupled with a converter circuit 114 that 
is coupled with an output circuit 117. A controller 210 is also 
coupled with the controlled rectifier circuit 112. A person of 
skill in the art will appreciate alternative schematic variations 
of the controlled rectifier circuit 112, the converter circuit 114 
and the output circuit 117 described below. 



US 2011/O 170325 A1 

0036. The controlled rectifier circuit 112 generally 
includes a filter circuit 204 that is coupled with an input 
rectifier circuit 205. An AC input 202 is coupled with the filter 
circuit. The AC input 202 is configured to receive an AC input 
signal from an AC line or AC Source. The AC input signal can 
have a voltage potential at a “low-line' range (85VAC 
132VAC) as well as at a “high-line' range (180VAC 
264VAC). The AC input signal is coupled with the filter 
circuit 204 which includes an EMI filter 204 which is used to 
remove undesirable harmonic noise contained in the AC input 
signal. The filter circuit 204 can also prevent any harmonic 
noise generated by the power Supply apparatus 200 from 
entering the AC Source that provides the AC input signal. 
0037. The input rectifier circuit 205 generally includes a 

first and a second pair of semiconductor switches 206A, 206B 
and 206C, 206D respectfully coupled with the filter circuit 
204, a first and a second pair of gate-driven semiconductor 
switches 208A, 208B and 208C, 208D respectfully also 
coupled with the filter circuit 204, a gate drive circuit 212 
coupled with the gate-driven switches 208A-208D, a con 
figuration switch 214 coupled with the gate-driven switches 
208A-208D and a reset switch 218 coupled across the ac input 
202. A terminal 1 and terminal 2 of the filter circuit 204 are 
coupled with an anode of the first pair of semiconductor 
switches 206A, 206B respectively. The terminal 1 and ter 
minal 2 of the filter circuit 204 are also coupled with a 
cathode of the first pair of gate-driven semiconductor 
switches 208A, 208B respectively. A cathode of each of the 
first pair of semiconductor switches 206A,206B is coupled to 
an upper node 231A of an input 231 of a first switching circuit 
230. An anode of each of the first pair of gate-driven semi 
conductor switches 208A, 208B is coupled to a lower node 
231B of the input 231. A terminal 3 and terminal 3 of the 
filter circuit 204 are coupled with an anode of the second pair 
of semiconductor switches 206C, 206D respectively. The 
terminal 3 and terminal 4 of the filter circuit 204 are also 
coupled with a cathode of the second pair of gate-driven 
semiconductor switches 208C, 208D respectively. A cathode 
of each of the second pair of semiconductor switches 206C, 
206D is coupled to an upper node 241A of an input 241 of a 
second Switching circuit 240. An anode of each of the second 
pair of gate-driven semiconductor switches 208C, 208D is 
coupled to a lower node 241B of the input 241. 
0038. The input rectifier circuit 205 includes a first set of 
switches of a bridge rectifier or a first configuration of a 
bridge rectifier 205A comprising the first and the second pair 
of semiconductor switches 206A, 206B and 206C, 206D. The 
first configuration of the bridge rectifier 205A is enabled by 
the controller circuit 210, and the controller circuit 210 con 
figures the first and second inputs 231, 241 of the first and the 
second Switching circuits 230, 240 in a series coupling 
through the configuration Switch 214 when the first configu 
ration 205A is enabled. When enabled, the first configuration 
205A provides a full-wave rectification to the AC input signal 
that is felt across the series coupling of the first and second 
switching circuits 230, 240. 
0039. The input rectifiercircuit 205 also includes a second 
set of Switches of a bridge rectifier or a second configuration 
of a bridge rectifier 205B, 205C. The second set of switches 
205B, 205C includes the first set of switches 205A and a set 
of controlled Switches 205D. The first set of Switches 205A 
comprises the first and the second pair of semiconductor 
switches 206A, 206B and 206C, 206D. The set of controlled 
switches 205D comprises the first pair and the second pair of 
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gate-driven semiconductor switches 208A, 208B and 208C, 
208D, respectively. The second configuration of the bridge 
rectifier 205B, 205C is enabled by the controller circuit 210, 
and the controller circuit 210 configures the first and second 
inputs 231, 241 of the first and the second switching circuits 
230, 240 in a parallel coupling through the set of controlled 
switches 205D when the second configuration 205B, 205C is 
enabled. When enabled, the second configuration 205B, 
205C provides full-wave rectification to the AC input signal 
that is felt across the parallel coupling of the first and second 
switching circuits 230, 240. The first and second pair of 
gate-driven semiconductor switches 208A-208D can com 
prise any Suitable type of Switches. In an exemplary embodi 
ment, the first and second pair of gate-driven semiconductor 
switches 208A-208D comprise gate-driven semiconductor 
switches such as thyristors or SCRs (silicon-controlled recti 
fier). In one embodiment, the first and second pair of gate 
driven semiconductor switches 208A-208D comprise sensi 
tive-gate SCRs. 
0040. The gate drive 212 is coupled with a gate of the first 
and second pair of gate-driven semiconductor Switches 208A, 
208B and 208A, 208B, and coupled with a gate of the con 
figuration Switch 214 as well as coupled with a gate of the 
reset switch 218. The gate drive circuit is enabled and dis 
abled by the controller circuit 210. The gate drive 212 pro 
vides a gate current for turning on the first and second pair of 
gate-driven semiconductor switches 208A, 208B and 208A, 
208B, the configuration switch 214 and the reset switch 218. 
A 'G' terminal of an optically-coupled TRIAC (TRIode for 
Alternating Current) 216 is coupled with the gate of the 
configuration switch 214. The G terminal is also coupled with 
the upper node 241A of the second switching circuit 240 
through resistor 217. A first terminal of the TRIAC 216 is 
coupled to the lower node 231B of the first switching circuit 
230. The optically-coupled TRIAC 216 is utilized to provide 
the gate current to the configuration Switch 214. Other means 
known to a person of skill in the art can also be used in 
providing the gate current to the configuration Switch 214. 
The optically-coupled TRIAC 216 can comprise any suitable 
type of Switch. In an exemplary embodiment, the optically 
coupled TRIAC 216 comprises a gate-driven semiconductor 
switch such as a TRIAC or an SCR. In one embodiment, the 
optically-coupled TRIAC 216 comprises a sensitive-gate 
SCR. 

0041. A first terminal of the configuration switch 214 is 
coupled to the anodes of the first pair of gate-driven semicon 
ductor switches 208A, 208B and coupled to the lower node 
231B. A second terminal of the configuration switch 214 is 
coupled to the cathodes of the second pair of gate-driven 
semiconductor switches 208C, 208D and coupled to the 
upper node 241A. The configuration switch 214 is enabled by 
the control signal that is generated by the controller circuit 
210. When the configuration switch 214 is enabled, a short 
circuit results and couples the first and second input 231, 241 
of the first and second switching circuit 230, 240 in a series 
coupling. The configuration switch 214 is disabled by the 
control signal that is generated by the controller circuit 210. 
When the configuration switch 214 is disabled, an open cir 
cuit results and provides the first and second input 231,241 of 
the first and second switching circuit 230, 240 in a parallel 
coupling. The configuration switch 214 is enabled when the 
input rectifier circuit 205 is in the first configuration 205A, 
and disabled when the input rectifier circuit 205 is in the 
second configuration 205B, 205C. The configuration switch 
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214 can comprise any Suitable type of Switch. In an exemplary 
embodiment, the configuration Switch 214 comprises a semi 
conductor Switch, preferably a gate-driven semiconductor 
switch such as a TRIAC or an SCR. In one embodiment, the 
configuration Switch 214 comprises a sensitive-gate SCR. 
Alternatively, the configuration Switch 214 can comprise a 
mechanical Switch having mechanical contacts. In another 
alternative, the configuration Switch can comprise a suitable 
relay. 
0042. The reset switch 218 and a series capacitor 220 are 
coupled across the AC input 202. The reset switch 218 can 
comprise any suitable type of Switch. In an exemplary 
embodiment, the reset switch 218 comprises a semiconductor 
Switch, preferably a gate-driven semiconductor Switch Such 
as a TRIAC or an SCR. In one embodiment, the reset switch 
218 comprises a sensitive-gate SCR. 
0043. The reset switch 218 is enabled by the controller 
circuit 210 if the controller circuit 210 senses a change in the 
AC line from the “low-line' range to the “high-line' range. A 
reset sequence is then performed. The reset sequence includes 
the controller circuit 210 immediately sensing the change in 
the AC line from the “low-line' range to the “high-line' 
range. The gate currents for the first and second pair of gate 
driven semiconductor switches 208A-208D are disabled. 
However, the first and second pair of gate-driven semicon 
ductor switches 208A-208D will not cease conducting until a 
conduction current through them falls below a preset or a 
holding current. The reset switch 218 is enabled by a gate 
current from the gate drive circuit 212. The reset switch 218 
provides a short circuit across the input filter 204 which 
diminishes the conduction current. The series capacitor 220 
limits a duration of the short circuit of the reset switch 218 to 
a small pulse Sufficient to facilitate cessation of conduction in 
the first and second pair of gate-driven semiconductor 
Switches 208A-208D. The controller circuit 210 waits a 
period of time until the voltage of the AC input signal is stable. 
The controller circuit 210 resumes operation in either the 
“high-line Voltage range or the “low-line Voltage range 
depending on the sensed Voltage of the AC input signal. 
0044) The reset sequence includes additional steps if the 
AC input signal changes from the "high-line' range to the 
“low-line' range. The additional steps of the reset sequence 
include the controller circuit 210 immediately sensing the 
change in the AC line from the “high-line' range to the 
“low-line' range. The controller circuit 210 waits a period of 
time until the voltage of the AC input signal is stable. The 
controller circuit 210 disables the gate current to the configu 
ration switch 214 and enables the gate currents for the first 
and second pair of gate-driven semiconductor Switches 
208A-208D. The conduction of the first and second pair of 
gate-driven semiconductor switches 208A-208D will auto 
matically disrupt the conduction current of the configuration 
switch 214. 

0045. The converter circuit 114 comprises a dual isolated 
buck-type converter comprising the first switching circuit 230 
and the second switching circuit 240 coupled with the output 
circuit 117. The first switching circuit 230 includes a first 
input 231 coupled with a first switching device 232 which is 
coupled with a first isolation transformer 234. The first input 
231 can include the upper and the lower node 231A, 231B, 
respectively. The first switching device 232 comprises a semi 
conductor Switch. Any number of semiconductor Switches 
known to a person of skill in the art can be used. In an 
exemplary embodiment, the first switching device 232 com 
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prises a MOSFET (metal-oxide-semiconductor field-effect 
transistor) transistor. The first switching circuit 230 can be 
provided with several different configurations. In an exem 
plary embodiment, the first switching circuit 230 can be con 
figured as a single Switchforward converter. A person of skill 
in the art will appreciate that a two-switch and four switch 
configuration can be substituted for the first switching device 
232. For example, the two-switch configuration (not shown) 
can comprise a half-bridge converter or even a push-pull 
converter. The four Switch configuration (not shown) can 
comprise a full-bridge converter. 
0046. The first isolation transformer 234 includes a first 
primary 234A and a first secondary 234B. A turns-ratio of the 
first isolation transformer 234 can be a value that depends on 
a desired voltage of an output voltage Vout. A first terminal of 
the first secondary 234B is coupled with a load 250 of the 
output circuit 117 and a second terminal of the first secondary 
234B is coupled with a first terminal of a second secondary 
244B of a second isolation transformer 244. A second termi 
nal of the second secondary 244B is also coupled with the 
load 250. In an exemplary embodiment, the first secondary 
234B and the second secondary 244B are coupled with each 
other in series. Alternatively, the first and the second second 
ary 234B, 244B respectively are coupled with each other in 
parallel. In still another embodiment, the first and the second 
secondary 234B, 244B respectively are coupled with each via 
ORed-diodes or ORed synchronous MOSFETs. In one 
embodiment, a synchronization module (not shown) which is 
included in the controller circuit 210 can provide synchroni 
zation between the first and the second switching circuits 230, 
240 when the first and the second secondaries 234B, 244B are 
coupled with each other in the series coupling embodiment or 
the parallel coupling embodiment. Synchronization of the 
first and the second switching circuits 230, 240 would not be 
required when the first and the second secondaries 234B, 
244B are coupled with each other via the ORed-diodes or the 
ORed synchronous MOSFETs embodiment. 
0047. The second switching circuit 240 includes a second 
input 241 coupled with a second switching device 242 which 
is coupled with a second isolation transformer 244. The sec 
ond input 241 can include the upper and the lower node 241A, 
241B, respectively. The second switching device 242 com 
prises a semiconductor Switch. Any number of semiconductor 
Switches known to a person of skill in the art can be used. In 
an exemplary embodiment, the second Switching device 242 
comprises a MOSFET transistor. The second switching cir 
cuit 240 can be provided with several different configura 
tions. In an exemplary embodiment, the second Switching 
circuit 240 can be configured as a single Switch forward 
converter. A person of skill in the art will appreciate that a 
two-switch and a four-switch configuration can be substituted 
for the second switching device 242. For example, the two 
Switch configuration (not shown) can comprise a half-bridge 
converter or even a push-pull converter. The four switch con 
figuration (not shown) can comprise a full-bridge converter. 
0048. A pulse width modulation (PWM) module (not 
shown) is included in the regulated power apparatus 200. The 
PWM module is used in controlling a duty cycle of the first 
and the second switching device 232,242. The PWM module 
regulates the output Voltage Vout by Sampling the output 
Voltage Vout and adjusting the duty cycle of the first and the 
second switching device 232, 242 to a higher or lower value 
until the output Voltage is approximately equal to a target 
voltage for Vout. PWM modules are commonly used in this 
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manner and a person of skill in the art will appreciate this 
means as well as other means to regulate the output Voltage 
Vout. 

0049. The second isolation transformer 244 includes a 
second primary 244A and the second secondary 244B. A 
turns-ratio of the second isolation transformer 244 can be a 
value that depends on the desired Voltage of the output Voltage 
Vout. The second secondary 244B is coupled with the output 
circuit 117 and coupled with the first secondary 234 of the 
first isolation transformer 234. As described above, the cou 
pling of the second secondary 244B with the first secondary 
234B can have several alternatives. In the exemplary embodi 
ment, the second secondary 244B and the first secondary 
234B are coupled with each other in series. The output circuit 
117 generally includes the load 250. The load 250 can be any 
Suitable device requiring the regulated output Voltage Vout. 
Alternatively, the load 250 may not require tight voltage 
regulation. In the exemplary embodiment described herewith, 
the output voltage Vout is regulated. Alternatively, other enti 
ties can be regulated Such as current and power or a complex 
combination of Voltage, current and power. 
0050. The controller circuit 210 may comprise a micro 
processor for sensing the AC input signal and determining if 
the AC input signal is at a Voltage potential within the “low 
line” range (85VAC-132VAC) or within the “high-line” 
(180VAC-264VAC) range. The controller circuit 210 may be 
powered from the AC line voltage V1. Alternatively, the con 
troller circuit 210 can comprise analog components. The con 
troller circuit 210 provides a control signal to enable either the 
first configuration 205A or the second configuration 205B, 
205C. The control signal is also generated by the controller 
circuit 210 to enable or disable the gate drive circuit 212. If the 
controller circuit 210 senses that the AC input signal is within 
the “low-line” range (85VAC-132VAC), the controller circuit 
210 enables the first configuration 205A. The controller cir 
cuit 210 enables the first configuration 205A by enabling the 
configuration switch 214. The configuration switch 214 
behaves similar to a short circuit when enabled. When the first 
configuration 205A is enabled, the first and second pair of 
gate-driven semiconductor switches 208A-208D are dis 
abled. If the controller circuit 210 senses that the AC input 
signalis within the “high-line' (180VAC-264VAC) range, the 
controller circuit 210 enables the second configuration 205B, 
205C. The controller circuit 210 enables the second configu 
ration 205B, 205C by disabling the configuration switch 214. 
The configuration Switch 214 is an open circuit when dis 
abled. When the second configuration 205B, 205C is enabled, 
the first and second pair of gate-driven semiconductor 
Switches 208A-208D are disabled. 

0051 FIGS. 2B and 2C show simplified schematics of the 
regulated power apparatus 200 in FIG. 2A in operation 
arranged in the first configuration and the second configura 
tion respectively. In FIG. 2B, the apparatus 200 is shown in 
the first configuration in a simplified manner. Viewing FIG. 
2B while referring back to FIG. 2A, the configuration switch 
214 is turned “on” so that current may flow freely from the 
lower node 231B of converter 1230 to the upper node 241A 
of converter 2 240. Simultaneously, SCRs 1-4 (208A-D in 
FIG. 2A) are not driven, and as a result form an open circuit 
by blocking current in both directions. The simplified path 
with the open circuits removed and the conducting circuits 
shorted is shown in FIG.2B. Rectified current flows through 
D1 206A to converter 1230 via the top node 231A. The 
rectified current also flows from the bottom node 231E on 
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converter 1230 to the top node 241A on converter 2240. As 
described above, the first and second isolation transformers 
234 and 244 are coupled together through their secondaries 
234B and 244B respectively. In this first configuration, it will 
be clear to the person of ordinary skill having the benefit of 
this disclosure that because current flows from converter 1 
230 to converter 2 240 that converter 1230 and converter 2 
240 are in a series connection. 
0.052 FIG. 2C shows a simplified schematic of the appa 
ratus 200 in FIG. 2A in a second configuration. In this con 
figuration, the configuration switch 214 in FIG. 2A is “off” or 
opened such that no current is able to flow in either direction 
from bottom node 231B of converter 1230 to the top node 
241A of converter 2240. Also, SCRs 1-4 208A-D are simul 
taneously driven “on” When an SCR is driven, the SCR will 
behave as a diode. A person of ordinary skill having the 
benefit of this disclosure will recognize that D1 206A, D2 
206B, SCR1 208A and SCR2208B form a bridge rectifier, 
also known as a full wave rectifier, circuit coupled with the 
top node 231A and bottom node 231B of converter 1230. 
0053 Similarly, SCR3208C and SCR 4208D appear as 
diodes from nodes 1 and 2 from the input filter 204. SCR3 
208C, SCR 4208D, D3 206C and D4 206D form a second 
bridge rectifier or full wave rectifier circuit coupled to the top 
node 241A and bottom node 241B of converter 2240. In the 
second configuration described above and shown in FIG. 2C, 
converter 1230 and converter 2240 are both coupled to the 
output of the input filter 204. Stated differently, any output of 
the input filter 204 is impressed simultaneously and equally 
upon both converter 1230 and converter 2 240. Therefore, 
converter 1230 and converter 3 240 are operating in a parallel 
configuration. In contrast to the series configuration of FIG. 
2B. 

0054 Turning to FIG. 3, with reference to FIG. 2A, a 
process flow diagram 300 is shown for a methodofregulating 
a power Supply apparatus 200 in accordance with an embodi 
ment of the invention. The power supply apparatus 200 is 
provided as a series or parallel configured dual converter. The 
method begins at the step 305. At the step 310 an AC input 
signal is received at the AC input 202 of the controlled recti 
fier circuit 112. The AC input 202 is coupled with the filter 
circuit 204 which is coupled with the input rectifier circuit 
205 used for generating an unregulated rectified Voltage sig 
nal. The AC input 202 is configured to receive and operate on 
an AC input signal in a voltage range of 85VAC to 264VAC. 
The input rectifier circuit 205 includes a first configuration of 
a bridge rectifier circuit 205A and a second configuration of 
the bridge rectifier circuit 205B, 205C. 
0055. At the step 315, a parameter of the input AC power 
signal is sensed with the controller circuit 210. The controller 
circuit 210 is coupled with the input rectifier circuit 205 for 
providing a control signal for enabling either the first con 
figuration 205A or the second configuration 205B, 205C 
according to a parameter of the input AC power signal. The 
parameter of the input AC power signal comprises a Voltage in 
either a high-line range (180VAC-264VAC) or a voltage in a 
low-line range (85VAC-132VAC). The controller circuit 210 
enables the first configuration 205A for AC input signals in 
the high-line range (180VAC-264VAC) and enables the sec 
ond configuration 205B, 205C for AC input signals in the 
low-line range (85VAC-132VAC). In one embodiment, the 
controller circuit 210 can keep the first and second switching 
circuits 230, 240 disabled if the AC input signal is out of both 
the “low-line' and the “high-line' ranges, since voltages out 
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side of the “low-line' and the “high-line' ranges typically 
indicate AC line power disturbances. The controller circuit 
210 can then wait until the AC input signal is stable within 
either the “low-line' or the “high-line' range. 
0056. At the step 330, a rectified voltage signal is gener 
ated according to the parameter of the input AC power signal 
either with the first configuration 205A or with the second 
configuration 205B, 205C. In the first configuration 205A, the 
input rectifier circuit 205 is coupled through an enabled con 
figuration switch 214 such that the first and second pair of 
semiconductor switches 206A, 206B and 206C, 206D are 
coupled with the first and the second input 231,241 of the first 
and the second switching circuit 230, 240 respectively, which 
are coupled in series. 
0057 FIGS. 4A and 4B show the current path through the 

first configuration of the bridge rectifier 205A when the AC 
input voltage signal 202 is at high-line (180VAC-264VAC). 
FIG. 4A shows the current path during a positive portion of 
the high-line AC input 202. The first and second input 231, 
241 of the first and second switching circuits 230, 240, 
respectively, are connected in series through the configura 
tion switch 214. The first and second switching circuits 230, 
240 are connected at a primary side of the first and second 
isolation transformer 234, 244, respectively. The controller 
circuit 210 enables the configuration switch 214 using the 
gate drive 212. Current flows through the semiconductor 
switch 206A to the series connected first and second switch 
ing circuits 230, 240 to the semiconductor switch 206D. FIG. 
4B shows the current path during a negative portion of the 
high-line AC input 202. As with the positive portion of the 
high-line AC input 707, the controller circuit 210 enables the 
configuration Switch 214 using the gate drive 212 to connect 
the first and second switching circuits 230, 240 in series. The 
first and second switching circuits 230,240 are still connected 
at a primary side of the first and second isolation transformer 
234, 244, respectively. Current flows through the semicon 
ductor switch 206C to the series connected first and second 
switching circuits 230, 240 to the semiconductor switch 
206B. 

0058. In the second configuration 205B, 205C, the con 
figuration switch 214 is disabled. The input rectifier circuit 
205 is coupled such that the first and second pair of semicon 
ductor switches 206A, 206B and 206C, 206D and the first and 
second pair of gate-driven semiconductor switches 208A, 
208B and 208C, 20D are coupled with the first and the second 
input 231, 241 of the first and the second switching circuit 
230, 240 respectively, which are coupled in parallel. 
0059 FIGS. 4C and 4D show the current path through the 
second configuration of the bridge rectifier 205B, 205C when 
the AC input voltage signal 202 is at low-line (85VAC 
132VAC). FIG. 4C shows the current path during a positive 
portion of the low-line AC input 202. The first and second 
input 231, 241 of the first and second switching circuits 230, 
240, respectively, are connected in parallel through the first 
and second pair of gate-driven semiconductor Switches 208A, 
208B and 208C, 20D. The first and second switching circuits 
230, 240 are connected at a primary side of the first and 
second isolation transformer 234,244, respectively. The con 
troller circuit 210 enables the first and second pair of gate 
driven semiconductor switches 208A, 208B and 208C, 20D 
using the gate drive 212. Current flows through the first 
switching circuit 230 via the semiconductor switch 206A and 
the gate-driven semiconductor switch 208B. Similarly, cur 
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rent flows through the second switching circuit 240 via the 
semiconductor switch 206D and the gate-driven semiconduc 
tor Switch 208C. 

0060 FIG. 4D shows the current path during a negative 
portion of the low-line AC input 202. As with the positive 
portion of the low-line AC input 202, the controller circuit 
210 enables the first and second pair of gate-driven semicon 
ductor switches 208A, 208B and 208C, 20D using the gate 
drive 212 to connect the first and second switching circuits 
230, 240 in parallel. The first and second switching circuits 
230, 240 are still connected at a primary side of the first and 
second isolation transformer 234, 244, respectively. Current 
flows through the first switching circuit 230 via the semicon 
ductor switch 206B and the gate-driven semiconductor 
switch 208A. Similarly, current flows through the second 
switching circuit 240 via the semiconductor switch 206C and 
the gate-driven semiconductor switch 208D. 
0061. At the step 335, a regulated voltage signal is gener 
ated with the converter circuit 114 that is coupled with the 
controlled rectifier circuit 112. The converter circuit 114 
comprises the first Switching circuit and the second Switching 
circuit 230,240 both coupled with the output circuit 117. The 
first switching circuit 230 comprises the first switching device 
232 coupled with the first transformer 234. The second 
Switching circuit 240 comprises the second Switching device 
242 coupled with the second transformer 244. The output 
circuit 117 comprises the load 250. The reset switch 218 is 
enabled with the controller circuit 210 when the controller 
circuit 210 determines a change in the AC input signal from a 
low-line level to a high-line level. Power is sent through two 
paths or configurations which are later combined into a single 
output Vout. In the high-line or first configuration as 
described above in FIGS. 4A-4B, the controlled input rectifier 
circuit 205 includes the first and second switching circuits 
230, 240 coupled in series at first and second inputs 231, 241. 
The first and second switching circuits 230, 240 are coupled 
in series through the enabled configuration switch 214. Power 
from the first and second switching circuits 230, 240 is com 
bined through the series connected secondaries 234B, 24.4B 
and is coupled to the output circuit 117. In the low-line or 
second configuration as described above in FIGS. 4C-4D, the 
controlled input rectifier circuit 205 includes the first and 
second switching circuits 230, 240 coupled in parallel at first 
and second inputs 231, 241. The configuration switch 214 is 
disabled. The first and second switching circuits 230, 240 are 
coupled in parallel through the enabled gate-driven semicon 
ductor switches 208A, 208B, 208C, 208D and the first and 
second pair of semiconductor switches 206A, 206B and 
206C, 206.D. Power from the first and second switching cir 
cuits 230, 240 is combined through the series connected 
secondaries 234B, 244B and is coupled to the output circuit 
117. The process 300 ends at the step 340. 
0062 Each of the first and second switching circuits 230, 
240 operates as an entire converter. Each of the first and 
second switching circuits 230, 240 receive power during both 
positive and negative half-cycles, regardless of whether the 
AC input 202 is at low-line or high-line. Heavy filtering is not 
required to for the current invention operate. Therefore, it is 
possible to use the present invention with high-power factor 
converters that require a nearly sinusoidal current from a line 
over the entire line cycle. In alternative embodiments, the first 
and second switching circuits 230, 240 can be replaced by any 
number of loads. For example, lighting loads designed to 
operate at low-line. 



US 2011/O 170325 A1 

0063. While the invention has been described with refer 
ence to numerous specific details, one of ordinary skill in the 
art will recognize that the invention can be embodied in other 
specific forms without departing from the spirit of the inven 
tion. Thus, one of ordinary skill in the art will understand that 
the invention is not to be limited by the foregoing illustrative 
details, but rather is to be defined by the appended claims. 
What is claimed is: 
1. A power Supply apparatus comprising: 
a converter circuit comprising a first Switching circuit and 

a second Switching circuit both coupled with an output 
circuit; 

an input rectifier circuit configured for receiving an AC 
input Voltage and for generating a rectified Voltage, the 
input rectifier circuit coupled with a first and a second 
input of the first and the second Switching circuit, 
respectively, the input rectifier circuit including one or 
more controlled switches, the input rectifier circuit 
including a first configuration of a bridge rectifier and a 
second configuration of the bridge rectifier, and 

a controller circuit coupled with a configuration Switch and 
coupled with the input rectifier circuit for providing a 
control signal for enabling either the first configuration 
or the second configuration according to a parameter of 
the AC input Voltage, the first configuration couples the 
first and second input of the first and the second switch 
ing circuit, respectively, in series, whereas the second 
configuration couples the first and second input of the 
first and the second switching circuit, respectively, in 
parallel, wherein the configuration switch is controlled 
by the controller circuit for coupling the first and second 
Switching circuits together. 

2. The apparatus of claim 1, wherein the first switching 
circuit comprises a first Switching device coupled with a first 
primary, the second Switching circuit comprising a second 
Switching device coupled with a second primary, the first and 
second primary included in a first and second transformer of 
the first and the second Switching circuit, respectively. 

3. The apparatus of claim 1, wherein the first configuration 
includes a first set of Switches comprising a first pair and a 
second pair of semiconductor Switches and the second con 
figuration includes a second set of Switches comprising the 
first set of switches and the one or more controlled switches, 
wherein the one or more controlled switches comprise a first 
pair of gate-driven semiconductor Switches and a second pair 
of gate-driven semiconductor Switches. 

4. The apparatus of claim3, wherein the first configuration 
comprises the bridge rectifier coupled through an enabled 
configuration Switch, wherein the second configuration com 
prises the configuration Switch being disabled and the first 
and second pair of gate-driven semiconductor Switches being 
enabled. 

5. The apparatus of claim 3, wherein a gate drive circuit is 
coupled with the first and the second pair of gate-driven 
semiconductor Switches, the gate drive circuit being enabled 
by the control signal generated by the controller circuit, 
wherein the enabled gate drive circuit provides a gate current 
to the first and the second pair of gate-driven semiconductor 
Switches. 

6. The apparatus of claim 1, wherein the second configu 
ration couples the first and second input of the first and the 
second Switching circuit in parallel by coupling each of the 
first and the second input across the same rectified Voltage 
generated by the input rectifier circuit. 
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7. The apparatus of claim 1, wherein the parameter of the 
AC input Voltage comprises a Voltage in either a high-line 
range (180VAC-264VAC) or a voltage in a low-line range 
(85VAC-132VAC). 

8. The apparatus of claim 1, wherein the control signal 
enables the configuration Switch. 

9. The apparatus of claim 8, wherein the configuration 
Switch comprises a semiconductor Switch. 

10. The apparatus of claim 8, wherein the configuration 
Switch comprises a gate-driven semiconductor Switch. 

11. The apparatus of claim 8, wherein the configuration 
Switch comprises a mechanical Switch including mechanical 
COntactS. 

12. The apparatus of claim 1, further comprising a reset 
Switch comprising a gate-driven semiconductor Switch, 
which is enabled by the controller circuit when the controller 
circuit determines a change in the AC input Voltage from a 
low-line level to a high-line level. 

13. The apparatus of claim 2, wherein the first and the 
second transformer include a first and a second secondary, 
which are coupled with each other in series. 

14. The apparatus of claim 2, wherein the first and the 
second transformer include a first and a second secondary, 
which are coupled with each other in parallel. 

15. The apparatus of claim 2, wherein the first and the 
second transformer include a first and a second secondary, 
which are coupled with each other via an ORed diode. 

16. A method of regulating a power Supply apparatus com 
prising: 

receiving an AC input Voltage at an input rectifier circuit, 
the input rectifier circuit including one or more con 
trolled switches, the input rectifier circuit including a 
first configuration of a bridge rectifier and a second 
configuration of the bridge rectifier; 

sensing a parameter of the AC input Voltage with a control 
ler circuit, the controller circuit coupled with a configu 
ration switch and coupled with the input rectifier circuit 
for providing a control signal for enabling either the first 
configuration or the second configuration according to 
the parameter of the AC input Voltage, the first configu 
ration couples a first and second input of a first and a 
second Switching circuit, respectively, in series, whereas 
the second configuration couples the first and second 
input of the first and the second Switching circuit, 
respectively, in parallel, wherein the configuration 
switch is controlled by the controller circuit for coupling 
the first and second Switching circuits together, 

generating a rectified Voltage according to the parameter of 
the AC input voltage either with the first configuration or 
the second configuration; and 

generating an output Voltage signal with a converter circuit 
that is coupled with the input rectifier circuit, the con 
Verter circuit comprising the first Switching circuit and 
the second Switching circuit both coupled with an output 
circuit. 

17. The method of claim 16, wherein the first switching 
circuit comprises a first Switching device coupled with a first 
primary, the second Switching circuit comprising a second 
Switching device coupled with a second primary, the first and 
second primary included in a first and second transformer of 
the first and the second Switching circuit, respectively. 

18. The method of claim 16, wherein the first configuration 
includes a first set of Switches comprising a first pair and a 
second pair of semiconductor Switches and the second con 



US 2011/O 170325 A1 

figuration includes a second set of Switches comprising the 
first set of switches and the one or more controlled switches, 
wherein the one or more controlled switches comprise a first 
pair of gate-driven semiconductor Switches and a second pair 
of gate-driven semiconductor Switches. 

19. The method of claim 18, wherein the first configuration 
comprises the bridge rectifier coupled through an enabled 
configuration Switch, wherein the second configuration com 
prises the configuration Switch being disabled and the first 
and second pair of gate-driven semiconductor Switches being 
enabled. 

20. The method of claim 18, further comprising enabling a 
gate drive circuit by generating the control signal, the gate 
drive circuit being coupled with the first and the second pair 
of gate-driven semiconductor switches, wherein the enabled 
gate drive circuit provides a gate current to the first and the 
second pair of gate-driven semiconductor Switches. 

21. The method of claim 16, further comprising the second 
configuration coupling the first and second input of the first 
and the second Switching circuit in parallel Such that each of 
the first and the second input is coupled across the same 
rectified voltage generated by the input rectifier circuit. 

22. The method of claim 16, wherein the parameter of the 
AC input Voltage comprises a Voltage in either a high-line 
range (180VAC-264VAC) or a voltage in a low-line range 
(85VAC-132VAC). 

23. The method of claim 16, further comprising enabling 
the configuration Switch with the control signal. 

24. The method of claim 23, wherein the configuration 
Switch comprises a semiconductor Switch. 

25. The method of claim 23, wherein the configuration 
Switch comprises a gate-driven semiconductor Switch. 

26. The method of claim 16, further comprising enabling a 
reset switch with the controller circuit when the controller 
circuit determines a change in the AC input Voltage from a 
low-line level to a high-line level, the reset switch comprising 
a gate-driven semiconductor Switch. 

27. The method of claim 17, further comprising providing 
the first and the second transformer such that a first and a 
second secondary are coupled with each other in series. 

28. The method of claim 17, further comprising providing 
the first and the second transformer such that a first and a 
second secondary are coupled with each other in parallel. 

29. The method of claim 17, further comprising providing 
the first and the second transformer such that a first and a 
second secondary are coupled with each other via an ORed 
diode. 
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30. A power Supply apparatus comprising: 
a converter circuit comprising a first Switching circuit and 

a second Switching circuit both coupled with an output 
circuit; 

an input rectifier circuit configured for receiving an AC 
input voltage and for generating a rectified Voltage, the 
input rectifier circuit coupled with a first and a second 
input of the first and the second Switching circuit, 
respectively, the input rectifier circuit including one or 
more controlled switches, the input rectifier circuit 
including a first configuration of a bridge rectifier and a 
second configuration of the bridge rectifier; and 

a controller circuit coupled with a configuration Switch and 
coupled with the input rectifier circuit for providing a 
control signal for enabling either the first configuration 
or the second configuration according to a parameter of 
the AC input Voltage, the first configuration couples a 
first and second input of the first and the second switch 
ing circuit, respectively, in series, whereas the second 
configuration couples the first and second input of the 
first and the second Switching circuit, respectively, in 
parallel, wherein the configuration switch is controlled 
by the controller circuit for coupling the first and second 
Switching circuits together, the control signal used in 
enabling or disabling the configuration Switch. 

31. The apparatus of claim 30, wherein the first switching 
circuit comprises a first Switching device coupled with a first 
primary, the second Switching circuit comprising a second 
Switching device coupled with a second primary, the first and 
second primary included in a first and second transformer of 
the first and the second Switching circuit, respectively. 

32. The apparatus of claim 30, wherein the first configura 
tion includes a first set of Switches comprising a first pair and 
a second pair of semiconductor Switches and the second con 
figuration includes a second set of Switches comprising the 
first set of switches and the one or more controlled switches, 
wherein the one or more controlled switches comprise a first 
pair of gate-driven semiconductor Switches and a second pair 
of gate-driven semiconductor Switches. 

33. The apparatus of claim30, wherein the second configu 
ration couples the first and second input of the first and the 
second Switching circuit in parallel by coupling each of the 
first and the second input across the same rectified Voltage 
generated by the input rectifier circuit. 
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